This paper examines the effects of spacings and number of elements on the radiation features of linear antenna of uniformly spaced elements, oriented in end fire directions. Use is made of pattern multiplication concept to evaluate the electric field radiated by the antenna when excited with sinusoidal current distribution. It is found that, when the spacings between the elements of the array are 0 75
INTRODUCTION
Over the last decades, wireless communication has become the most preferred means of exchanging information, the world over. This has been made possible by the use of radio waves where an antenna serves as transducer by converting electric current into an electromagnetic wave or it converts electromagnetic wave to an electrical energy. Usually, the choice of an antenna for communication purposes is based on accurate knowledge of the radiated electromagnetic field from the antenna. A single dipole antenna has wide main lobe and low directivity. Its use for far distant communication is discouraged because radiation towards specific direction cannot be achieved. The radiated far field patterns of antenna array evolves from the combination of signals from different antenna elements, such radiated beams are characterized by narrow main lobe and excellent directivity. These attributes have perhaps made them the preferred choice for applications such as radar, sonar, radio and mobile communication systems.
Linear array antenna has received a lot of investigative attention in the literature. Those research efforts have no doubt focused on creating awareness about the practical applications of the antenna, explaining the basics underlining its radiation phenomenon as well as designing linear array that would perform optimally when deployed for communication purposes. For example, the radiated electric field patterns of broadside arrays of uniformly spaced linear elements, have been computed, using different values of inter-element spacings [1] . It is shown in the cited paper that array structures with inter element spacing below wavelength would produce excellent beam radiations and that, the undesirable grating lobes occur when the inter element spacings between the element are greater than one wavelength. Examined elsewhere [2] is the effects of varying the spacings on directivity, array factor patterns of broadside array of uniformly spaced elements. [3] investigates the effects of mutual coupling on the field radiated by four-element linear array. Biogeography based optimization tool has been used to optimize position, amplitude and phase excitations of linear arrays with a view to producing radiation beams of minimum side lobe levels [4] . Genetic Algorithm is also adopted to synthesize radiation patterns of linear antenna arrays suitable for adaptive signal processing technique [5] as well as for optimizing thinned linear array of uniformly excited isotropic elements in order to achieve reduction in the side lobe level [6] . Using particle swarm optimization (PSO), the excitation amplitude, phase, position and length of linear arrays are optimized [7] . The cited paper under reference here posits that, the design of antenna arrays using PSO has considerable benefits over other optimization techniques. This paper follows the discussion presented in [1] , and investigates the impacts of spacings and number of elements on the radiation characteristics of end fire arrays of uniformly spaced elements when excited with sinusoidal current distribution. Figure 1 shows a dipole antenna positioned at the origin of Cartesian coordinate system. A differential element is positioned symmetrically along the z-axis, distance ' z from the origin. The observation point or field point  
METHODOLOGY
,, P x y z is situated at a distance r from the origin, while R is the distance from the source point to the field point. The derivation of the  -component of the electric field radiated in free space by the dipole when excited with sinusoidal current distribution of the form   00 cos ' I k z has been explicitly provided in [1] . To avoid unnecessary repetition, the electric field derived in that paper shall be quoted in this paper which admits an expression of the form According to Pattern multiplication theorem, the total field of an array can be obtained by multiplying the field of a single element at the origin by the array factor. This statement is expressible in a form given as t E radiated field of a dipole at origin Array factor 
where t E denotes the total field of an array.
The array factor, symbolized here by Having derived expressions for the total electric fields of the end fire arrays oriented in the directions of interest, use is then made of those expressions to generate results for the electric field patterns of various models of the antenna. This is discussed in what follows.
NUMERICAL RESULTS
It has been reported in [1, 8] 
Array factor patterns of end fire arrays
Computations of eqns. (3) and (4)  , there exists three maxima, one in end fire directions, and two in broadside directions. Furthermore, it is also found that, the main lobes of the patterns become more directive as the spacing and number of element increases. The increase in directivity is tailored with increase in the level of unwanted side lobe. That observation agrees well with results reported elsewhere [1, 9] , as being the characteristics of antenna arrays of uniformly spaced elements.
Total field patterns of end fire array of uniformly spaced elements
Utilizing eqn. (5) and (6), numerical data for the electric field radiated are computed and represented in graphical forms, which are shown in Figs. (5) and (6) . Those figures describe the summation of contribution of each element of the end fire arrays to the far electric field, when excited by sinusoidal current source. As we can see, the characteristic profiles of Figs. (5) and (6) 
CONCLUDING REMARK
The impact of spacings and number of elements on the radiation characteristics of end fire arrays of equally spaced elements is investigated in this paper. When use is made of pattern multiplication theorem, the electric field radiated by the antenna becomes known. Numerical data are compiled for the array factor and electric field radiated by various models of the antenna which are represented in graphical formats, using values of spacings lower than wavelength    . It is found that, the end fire radiation exists in only one direction when the spacing between the elements of the array is 4  , while at the spacing of 2  , end fire radiations exist in both directions. Furthermore, when the spacings between the elements become 34  and 9 10  , radiation exists not only in end fire directions, but also in broadside directions. It is also observed that, the main lobe beam widths of the radiated field patterns and array factor patterns become narrower as the spacing and number of elements increase. This observation clearly suggests that, the directivity of the end fire arrays increases with spacing and number of elements. Also, it is found that, both the total field patterns and array factor patterns exhibit characteristics that are invariant from each other.
